Background-The association of overweight/obesity with the incidence of cardiovascular diseases, especially stroke, has not been comprehensively examined in relatively lean populations in which stroke is more prevalent than coronary heart disease. Methods and Results-Pooled individual data from 16 Japanese cohorts comprising 45 235 participants ages 40 to 89 years without previous history of cardiovascular disease were studied. During follow-up, 1113 incident strokes and 190 myocardial infarctions were identified. At baseline, mean ages of men and women were 55.4 and 56.5 years and mean body mass indices (BMI) were 23.0 and 23.4 kg/m 2 , respectively. Compared with those with BMI Ͻ21.0, incidence rates of cerebral infarction in subjects with BMI Ն27.5 were significantly elevated in both men (hazard ratio, 1.81; 95% confidence interval [CI], 1.28 to 2.56) and women (hazard ratio, 1.65; 95% CI, 1.23 to 2.21), adjusted for age, smoking, and drinking habit. Incidence of cerebral hemorrhage was also associated positively with BMI in both men (hazard ratio, 2.51; 95% CI, 1.21 to 5.20) and women (hazard ratio, 1.98; 95% CI, 1.12 to 3.52). Adjustment for systolic blood pressure, a mediating factor, significantly attenuated most BMI association with stroke in both sexes. For myocardial infarction, the hazard ratio was 3.16 (95% CI, 1.66 to 6.01) for BMI 27.5 or greater versus less than 21.0 only in men, which appeared partly mediated by total cholesterol and SBP. Conclusions-Overweight/obesity was associated with an increased risk of cerebral infarction and hemorrhage in men and women and myocardial infarction in men. Weight control may have the potential to prevent both stroke and myocardial infarction in Japan. (Circ Cardiovasc Qual Outcomes. 2010;3:498-505.)
are needed in an era of growing obesity to offer clues for their prevention.
The Japan Arteriosclerosis Longitudinal Study-Existing Cohorts Combine (JALS-ECC) is a pooling project based on individual participant data from existing high-quality prospective cohort studies in Japan. This meta-analysis of 16 cohort studies allowed detailed investigations with more than 1000 stroke events and about 200 myocardial infarction (MI) events from more than 400 000 person-years of follow-up in middle-aged and older Japanese men and women.
WHAT IS KNOWN
• Obesity (body mass index Ն30 kg/m 2 ) is an established risk factor for cardiovascular disease; however, elevation of body mass index within normal to overweight range has not been evaluated sufficiently across different cardiovascular diseases.
WHAT THE STUDY ADDS
• Elevation of body mass index even within normal to overweight range was positively associated with an increased risk of cardiovascular disease in both men and women.
• Effects of increased body mass index on stroke incidence were mediated largely by elevated blood pressure. Obesity control including prevention of weight gain will play an important role as a way to prevent and control hypertension and thus stroke.
• Obesity independently increased the risk of myocardial infarction, implying additional importance of obesity control.
• A rise in weight in the population should be prevented vigorously, and weight control should be emphasized in those with elevated weight regardless of age and sex even in relatively lean populations.
Methods

Study Population
The rationale, study design, and methods of the JALS-ECC have been described elsewhere. 11 In brief, cohort studies were potentially eligible for inclusion in this project if they satisfied the following criteria: (1) Japanese population; (2) prospective cohort study; (3) at least 3000 persons-years of follow-up; (4) date of birth (or age), sex, height, weight, blood pressure, and total cholesterol recorded at baseline; and (5) date of death or the age at death (for death from stroke or coronary heart disease, at least) recorded during follow-up. Quality control of collected cohort data was performed at the JALS Coordinating Center. Consequently, individual records for each of 66 691 participants ages 18 to 99 years in 21 cohort studies were included in this project, with 82.7% of the participants from community-based cohorts and 17.3% from work site-based cohorts. Baseline years of the cohorts ranged from 1985 to 1999. Mean ages at baseline and at the end of follow-up in the community-based cohorts were 57.2 and 66.7 years and 48.8 and 55.0 years in work site-based cohorts, respectively. Permission to submit cohort data to the JALS central office was obtained from each institute's review board for ethical issues.
Baseline Data
The JALS study group requested for each participant: date of baseline survey, date of birth or age at baseline, sex, height, weight, systolic and diastolic blood pressure (SBP and DBP), serum total cholesterol (TC), high-density lipoprotein (HDL) cholesterol, glucose, smoking status (current, past, and never) and alcohol drinking habits, and history of CVD, hypertension, hypercholesterolemia, and diabetes mellitus (DM). In each cohort, weight and height were measured with the subjects in typical indoor clothing but without shoes; weight to the nearest 0.5 kg, and height to the nearest 1 cm. BMI (kg/m 2 ) was calculated as weight (in kg) divided by the square of height (in meters). In the present analyses, we considered age, sex, BMI, SBP, TC, and smoking status and alcohol drinking habits as essential variables because all the cohorts did not necessarily obtain all data. As additional analyses, history of DM or HDL cholesterol was further adjusted in a subsample in which these variables were available.
End Points
In each cohort, vital status and the incidence of stroke and/or MI were ascertained during the follow-up period using population-based stroke and/or MI registration systems, death certificates, hospital medical records, and/or questionnaires. The diagnosis of stroke was based on 24 hours or more of typical clinical features and characteristic changes on computed tomographic and/or MRI brain scans and was typically based on criteria from the MONICA study 12 or from the WHO. 13 The diagnosis of MI was based on chest pain, cardiac enzyme levels, and ECGs and was typically based on criteria from the MONICA study. 12 
Exclusions
From 21 cohorts of the JALS-ECC, 3 cohorts were excluded because they lacked stroke and MI incidence end points, and 2 cohorts were excluded because did not assess baseline BMI. From the remaining 60 616 participants in 16 cohorts, participants age Ͻ40 years or Ն90 years (nϭ7484), those lacking baseline data on blood pressure, serum TC, smoking, and/or alcohol drinking habits (nϭ6828), and those with a history of CVD (nϭ570) were excluded. Among the remaining 45 734 participants, 499 participants (1.1%) dropped out during the follow-up period. Thus, this report was based on a total of 45 235 participants (19 760 men and 25 475 women) . Among the 16 cohorts, analyses for stroke were performed in 15 cohorts (38 515 participants) in which stroke events were surveyed; analyses for MI were performed in 13 cohorts (33 128 participants) in which MI events were surveyed; and analyses for CVD or ischemic CVD (cerebral infarction and MI) were performed in 12 cohorts (26 408 participants) in which both stroke and MI events were surveyed.
Statistical Analyses
We grouped subjects according to the World Health Organization classification 14 ; however, because of the small number of samples in underweight (Ͻ18.5, 4.7%) and obese (Ն30.0, 2.3%) categories, we collapsed them with the adjacent categories. We then divided the category with BMI 23 or lower by additional cutoff point (21) to describe incidence within normal range. Consequently, the following 5 categories were used: BMI Ͻ21.0, 21.0 to 22.9, 23.0 to 24.9, 25.0 to 27.4, and Ն27.5 . A fixed-effect Poisson regression model with a fixed effect representing a combination of cohort enrollment year (1980s or 1990s) and cohort characteristics (community-based or work site-based) provided multivariate-adjusted hazard ratios (HRs) for each BMI category taking Ͻ21 as the reference. The multivariate model initially adjusted for age, current smoking, and current drinking habits. Probability values and HRs described in the text were derived from this model if not specified otherwise. SBP and TC were then separately and simultaneously adjusted for as mediation analyses. If the final model still showed a significant association of BMI with incidence, further adjustment was attempted for history of DM and HDL cholesterol to evaluate their mediation effects in the available sample (nϭ26 694, 58.8% of total sample). These variables were entered into the model as fixed effects. For each end pointtotal stroke, cerebral infarction, cerebral hemorrhage, MI, ischemic CVD, and total CVD-analyses were done for men and women, separately.
Supplementarily, stratified analyses were performed by age (Յ60 or Ͼ60), current smoking, hypercholesterolemia, and hypertension to evaluate possible effect modification. Hypercholesterolemia was defined total cholesterol Ն5.69 mmol/L (220 mg/dL) or use of cholesterol-lowering medication. Hypertension was defined SBP/ DBP Ն140/90 mm Hg or use of hypertensive medication. These stratified analyses were carried out in the sex-combined sample after confirming that there was no significant sex-BMI category interaction by likelihood ratio test caused by the small number of events among women. Finally, we conducted analyses excluding events within 1 year of baseline in an attempt to eliminate the potential effect of occult disease on baseline BMI. Age-adjusted incidence rate was obtained by standardizing it to the age distribution of the total sample (nϭ45 235) and expressed as the number per 10 000 personyears. HR estimates and 95% confidence intervals (CIs) were determined by PROC GLIMMIX in the SAS program for Windows, Release 9.13 (SAS Institute Inc, Cary, NC). The linear trend of HRs across the BMI categories was tested, when appropriate, by a continuous variable assigning the median value of each quintile to corresponding individuals. Forest plots were used to qualitatively assess heterogeneity of associations between BMI and outcomes among included cohorts. These figures are also shown in sexcombined fashion due to small number of events in some cohorts. A probability value less than 0.05 was considered statistically significant. (Table 1 ). Higher BMI was associated with higher TC, SBP, and DBP in both men and women. In men, age was inversely associated with BMI. Women in the lowest BMI category were oldest on average, but mean age tended to increase in the subsequent BMI categories. Current smoking was most prevalent in the lowest BMI category in both sexes.
Results
Mean
There were 1113 total strokes and 190 MI events during 337 287 person-years for the stroke analyses, 261 702 personyears for the MI analyses, and 206 011 person-years for the total CVD analyses. Among stroke events with reported stroke subtype information, 725 were classified as cerebral infarction and 229 as cerebral hemorrhage. There was no heterogeneity among the cohorts in the association of BMI with any cardiovascular diseases events (P for heterogeneity Ͼ0.4, MI shown in Figure 1 , cerebral infarction shown in Figure 2 , and cerebral hemorrhage shown in Figure 3 ).
In men, the incidence of cerebral infarction was increased 86% in subjects with BMI Ն27.5 compared with those with BMI Ͻ21.0 after adjusting for age, current smoking, and current drinking habits ( Table 2) . Risks of cerebral infarction tended to increase for each successive BMI category (trend Pϭ0.007). Further adjustment for possible mediating factors (SBP and TC) attenuated the association (HR, 1.51; 95% CI, 0.99 to 2.30). Similarly, in men, BMI was positively associ- In women, both cerebral infarction and hemorrhage were significantly and positively associated with BMI (Table 3) . Although the association with cerebral hemorrhage was largely mediated by SBP (trend Pϭ0.17 after adjustment for SBP), BMI showed a somewhat independent association with cerebral infarction (trend Pϭ0.044 after adjustment for SBP). No association was observed between BMI and MI in women.
Analyses excluding events within 1 year after baseline produced similar results in both men and women. Associations were similar in the stratified analyses by age or current smoking habit for all end points (all trend PϽ0.05). Cerebral infarction and MI were similarly associated with BMI within cholesterol strata (all trend PϽ0.05). Although incidence rates of these end points in subjects with hypertension were much higher than the rates in those without it, associations with BMI were more prominent for nonhypertensive subjects (Table 4) .
Discussion
In the present meta-analysis of prospective studies of a relatively lean population, incidence of cerebral infarction and hemorrhage in both sexes and that of myocardial infarction in men were associated positively and linearly with the degree of obesity as measured by BMI. The associations 
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between stroke, especially cerebral hemorrhage, and BMI in both sexes were largely mediated by blood pressure, but BMI tended to explain incidence of cerebral infarction independent of TC and SBP. Although further mediation analyses using DM history information in the available sample were possible, the results would not be readily interpretable because SBP adjustment alone significantly attenuated the association. Thus, the association of cerebral infarction with BMI largely appears to be mediated by SBP. In contrast, the association of MI incidence with BMI in men was strong and was independent of TC and SBP. Even further adjustment for history of DM and HDL cholesterol did not eliminate the association. Although residual confounding caused by measurement error of these covariates is possible, other factors that accompany obesity may increase MI risk, such as prothrombotic factors 15 or low-grade systematic inflammation. 16 In any case, the present results imply that avoidance of obesity offers the potential of reducing CVD in Japan. n indicates number; N, number of subjects. Incidence rate was adjusted to the age distribution of total sample (nϭ45 235) and expressed as the number per 10 000 person-years. Model 1: Adjusted for age and current smoking and current drinking habits. Stroke analyses were carried out using data from 15 cohorts (17 740 men); MI analysis, 13 cohorts (15 656 men); and ischemic (cerebral infarction and MI) and total CVD analyses, 12 cohorts (13 636 men).
This pattern of BMI independently associated with MI is consistent with most previous reports. 4, [17] [18] [19] [20] Most studies conclude that the effect of obesity on stroke was explained by etiologically mediating factors that accompany obesity. For example, a significant association of BMI with stroke was explained by hypertension, hypercholesterolemia, and DM in the Framingham study. 17 The relative risk for ischemic stroke was successively significantly attenuated by adjustments for hypertension, hypercholesterolemia, and DM in the Women's Health Study. 5 The association of BMI with intracerebral hemorrhage was no longer significant after adjustment for blood glucose, cholesterol, and SBP in Korean women. 19 Other studies suggest some residual association of BMI with stroke 4, 18, 20 after controlling for the established risk factors associated with adiposity.
Although we found that the incidence of cerebral hemorrhage was associated positively with BMI, previous studies are less consistent. No 21, 22 inverse or J-shaped 6 associations have been reported. Small numbers of cases, heterogeneity of hemorrhagic strokes, 4 or differences in other factors such as average cholesterol level might contribute to such discrepancies. 23 However, large-scale studies of Korean men and women also reported BMI positively associated with cerebral hemorrhage as well as corroborative evidence that overweight/obesity increases risk of cerebral hemorrhage through the elevation of blood pressure. 19, 20 There are several strengths of the present study, apart from its large-scale and prospective design. We used measured weight and height rather than self-reported measures. We could also examine the potential effect of mild or moderate increases in relative weight in our lean population. The present study included participants from urban and rural areas, or community-based and work site-based cohorts, strengthening the generalizability of the study findings.
There are also several limitations that should be considered. First, other obesity measures incorporating abdominal regional adiposity may better predict individual risk of CVD beyond BMI. It is, however, reported that differences of such measures applied to a population are unlikely to be clinically important. 24, 25 Second, it is possible that physical activity may explain or modify some of our findings, although previous studies have shown independent associations of BMI with CVD. 26, 27 Another limitation may be the lack of information on ischemic stroke subtypes (lacunar, atherothrombotic. or embolic), which should specifically be addressed in future studies. Furthermore, the number of events was still small, so sex-specific stratified analyses were not feasible.
In conclusion, in the present large, population-based, prospective study of Japanese men and women, greater BMI was associated with an increased risk of total stroke, cerebral infarction, and cerebral hemorrhage in men and women and MI in men. The fact that stroke risks associated with obesity appeared largely explained by concomitant rise in blood pressure emphasizes the role of weight control including prevention of weight gain as a way to prevent and control hypertension and thus stroke. Our finding that obesity independently increased MI risk implies additional importance of obesity control in MI prevention in men. To avoid a possible upturn of stroke and CHD incidence in Japan, we believe that a rise in weight in the population should be prevented vigorously and that weight control should be emphasized in those with elevated weight regardless of age and sex. 
